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Sulfhydryl  groups  play  a  large  part  in  biological  metabolism  process¬ 
es.  There  are  various  methods  of  determining  them  quantitatively,  the  basis 
of  which  is  the  high  reactivity  of  the  sulfhydryl  groups. 

Methods  based  on  the  oxidation  reactions  of  thiols  were  widely 
used,  owing  to  their  sensitivity.  But  the  oxidation  reaction  is  not  very 
specific; imidazole,  hydroxyl  and  other  groups  are  oxidized  along  with  the 
sulfhydryl  groups.  Oxidation  of  the  sulfhydryl  groups  does  not  always 
stop  at  the  disulfide  bond  formation  stage.  The  degree  of  oxidation  of  the 
sulfhydryl  groups  can  change,  depending  on  the  reaction  conditions  (pH  of 
the  solution,  concentration  of  the  reagents,  presence  of  metal  ions, 
temperature),  which  leads  to  divergence  from  the  stoichiometric  ratios. 

Among  the  oxidizing  agents  employed  for  determining  the  sulfhydryl 
groups  iodine  was  widely  used.  Both  direct  titration  with  iodine  and  back 
titration  of  an  excess  of  iodine  with  hyposulfite  are  used  for  the  determi¬ 
nation  of  thiols.  The  degree  of  oxidation  of  the  sulfhydryl  groups  by 
iodine  also  depends  on  the  auditions  under  which  the  reaction  takes  place. 
Thus,  upon  oxidation  of  cysteine  to  the  disulfide  bond  an  acid  medium,  low 
temperature,  and  an  excess  of  iodide  are  necessary  for  the  suppression  of 
cysteic  acid  formation.  The  oxidation  of  cysteine  to  cysteic  acid  requires 
six  equivalents  of  iodine.  With  an  insufficient  amount  of  iodine  the  inter¬ 
mediate  products  sulfinic  arid  and  sulfonic  acid  are  formed.  The  reaotlon 
between  potassium  iodide  and  potassium  iodate  was  proposed  for  obtaining  a 
standard  concentration  of  iodine  in  the  solution  (1). 

Many  variants  exist  for  the  iodometrie  titration  of  sulfhydryl  , 
groups,  but  they  are  all  unsuitable  for  determining  microquantities  of 
these  groups. 


Ia  recent  jrun  Investigations  la  which  catalysis  and  Idnstio  Indio— 
are  used  for  — elytioal  purpose  a  ha—  boon  appearing  with  a— r-laora— : lag 
frequ— oy.  lbs  determination  of  the  Initial  reaction  rate,  oaloulatlon  of 
the  —Pint  of  any  of  the  reaction  product*  after  apeoifie  tin*  intervals, 
—aaura—nt  of  the  tine  which  the  substance  reacted,  1,  e.  the  dura- 

tion  of  the  re— tlon  —  all  theae  ladloea  oaa  alao  terra  for  the  dateraiaa- 
tlon  of  nloroquantltlea  of  sulifcydryl  group*. 

It  was  ascertained  by  the  authors  of  (2,  6,  7)  that  the  reaction  be¬ 
tween  aodiun  aside  and  Iodine  la  catalysed  by  divalent  sulfur  compounds, 
thereupon  the  rat*  of  this  reaction  depends  on  the  amount  of  the  catalyst. 
Kur  vra  (5)  worked  out  a  aethod  of  determining  mloroquantitlea  of  cysteine 
and  cystine  on  the  basis  of  the  different  rates  at  which  these  substances 
catalyse  the  Iodine  aside  reaction.  Pardue  and  Shepherd  (4)  worked  out  a 
■loro-thud  of  determining  cystine  which  was  based  on  continuous  potentio- 
— i trio  —  sours— nt  of  the  decreasing  concentration  of  iodine  In  the  first 
sooondo  of  the  rsaotlon.  The  rate  of  reduction  of  the  iodine  In  the  Initial 
stage  is  a  function  of  the  cystine  concentration. 

In  1964  we  developed  a  method  of  quantitative  analysis  of  protein  by 
the  catalytic  action  of  the  copper  of  a  biuret  complex  on  the  oxidation  re¬ 
action  of  pot— el—  Iodide  with  pot— stum  persulfate  (5).  The  amount  of  pro¬ 
tein  la  judged  by  the  length  of  time  in  which  the  iodine  being  liberated 
c cabined  with  a  definite  amount  of  sodium  hyposulflte  present  In  the  reac¬ 
tion  mixture.  The  duration  of  the  reaction  depends  not  only  on  the  amount 
of  oatalyst,  but  also  on  the  hyposulflte  concentration .  Thus  the  carrying 
out  of  the  reaction  of  oxidising  iodide  with  persulfate  without  a  catalyst 
reveals  a  way  to  detexadns  the  oonoamtr&ticn  of  the  hyposulflte  or  other 
rod— lug  agent.  Cowpounda  with  sulfbydxyl  groups  oan  bo  reducing  agent*  of 
that  type.  The  free  Iodine  liberated  upon  reaction  oxidizes  the  SB  groups 
in  the  solution. 

The  reaction  oan  bo  represented  schematically  In  this  form 

8B+W8,2W1e 

Ig+  2  RSB  -  USSR  +  2  HI 

After  oxidation  of  all  the  oulfbydryl  groups  In  the  solution  free 
iodine  appears,  whiofa  oan  be  revealed  by  the  staroh-iodine  reaction.  The 
tl—  ft—  the  start  of  the  oxidation  reaction  of  the  oulfbydryl  groups  to 
the  no— nt  the  bl—  coloration  appears  depsnds  on  the  concentration  of  SH 
groups.  The  las*  the  quantity  of  81  groups  In  the  solution,  the  quicker  the 
bl—  ooloratlcn  begin*  to  Show.  In  order  to  determine  mloroquantitlea  of  8H 
group*  it  w—  neoessary  to  seleet  conditions  at  which  ths  oxidation  reac¬ 
tion  would  proceed  at  a  comparatively  low  rate.  For  this  purpose  the  eff— t 
of  *— h  factors  —  the  pH  of  the  modi—,  the  temperature,  and  ths  ratio  of 
the  C  and  MA  ocnoentratlcna  on  the  reaction  rats  w—  studied. 


The  effect  of  the  pH  on  the  reaction  rate  in  the  presence  of  44  aiero- 
groas  of  cysteine  is  shorn  in  Fig.  1*  In  the  alkaline  and  acid  senes  the  re¬ 
action  rate  is  markedly  slowed  down.  But  the  alkaline  sene  is  not  suitable 
for  the  nethod  worked  out*  owing  to  auto-oaddation  of  the  SH  groups  under 
these  conditions.  Thus  it  was  ascertained  that  the  pH  range  below  2  is  the 
most  suitable  for  the  analysis  of  snail  concentrations  o f  sulfhydryl  groups. 


Tine  fron  the  start 
of  the  reaction  to 
the  nonant  the 
starch  turns  bine# 
la  alnutes 


T 

Fig.  1.  Kffeot  of  pH  on  the  Reaction  Time  of  Oxidation 
of  the  Sulfhydryl  Groups  of  Cysteine  , 


The  study  of  the  effeot  of  different  concentrations  of  EE  and  KgSgOg 
on  their  reaction  rate  showed  that  a  low  rate  with  a  clear-cut  point  at 
which  the  blue  color  appears  can  be  Obtained  et  concentrations  of  0.01  H 
for  EE  and  0.004  U  for  KgSgOg. 

The  determination  of  cysteine  was  carried  out  as  follows*  to  2.5  ml 
of  the  solution  being  investigated  were  added  0.5  nl  H&  (1  N),  0.5  ml  starch 
(one  percent),  0.5  nl  EE  (0.1  U)  and  one  ml  KgSgOg  (0.02  II)  (potassium  per¬ 
sulfate  is  added  last,  sines  it  also  causes  oxidation  of  the  sulfhydryl 
groups).  The  tine  fron  the  sonant  of  adding  the  persulfate  to  wbsn  the  starch 
begins  to  turn  blue  was  recorded  by  stopwatch.  The  reaction  was  carried  out 
in  a  thermostat  at  25  i  0.02°.  In  Fig,  2  is  shots*  the  relation  between  the 
cysteine  concentration  and  the  tine  Interval  fron  the  start  of  the  reaction 
to  the  appearance  of  the  blue  coloration.  Ch  the  ordinate  is  plotted  the 
difference  between  the  reaotion  tine  of  the  test  ssnpls  and  that  of  the  ocn- 
trol.  Hater  taken  In  plaoe  of  the  test  solution  served  as  the  control.  The 
acre  oys tains  there  is,  the  aore  iodine  is  used  up  in  coddislng  it,  sad  the 
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Amount  of  cyatelne  2a  the  reaction 
nlxture 


flf .  2.  Relationship  Between  the  cyetalae  Concentration 
and  the  Boeotian  tine  of  the  Cbddation  of  it*  Sulfhydryl 

Oroupe 


Amount  of  oyetedae  la  the  motion 
mixture 


fi$,  8.  Beletlcoehlp  Between  the  pjretelae  Concentration 
ad  the  Reaction  Una  of  the  Oxidation  of  lte  telfferAryl 
Groups  at  Different  Tanparatnvoa 
1  -  1D°|  2  -  15° |  8  -  28° 


later  the  starch-iodine  reaction  start*.  Upon  determination  of  cysteine  with¬ 
in  the  O.S  to  1000  mierogram  concentration  range  the  tine  interval  corres¬ 
pondingly  varied  from  O.S  seconds  to  50  nine  tee.  The  error  of  the  method  is 
about  2.5  percent,  but  with  a  decrease  in  cysteine  concentration  the  relative 
error  Increased.  In  order  to  increase  the  limit  of  sensitivity  of  the  method 
it  is  necessary  to  decrease  the  reaction  rate.  It  is  convenient  to  do  this 
by  lowering  the  temperature.  In  fig.  5  is  represented  the  relation  of  the 
sensitivity  of  the  cysteine  determination  to  the  temperature,  it  25°  0.8 
oiorograaa  can  be  deterained  at  a  reaction  time  of  22  seconds}  at  15°  —  0.5 
aierograas  at  a  reaction  time  of  18  seconds}  at  10°  —  0.2  aierograas  in  24 
seconds. 

Determination  of  glutathione  under  the  saae  conditions  showed  that 
the  reaction  time  in  this  oase  is  considerably  less  than  in  the  determina¬ 
tion  of  cysteine  (Fig.  4),  i.  e.  the  sensitivity  of  the  reaction  mas  insuf¬ 
ficient.  In  order  to  Increase  it,  it  was  neoassary  to  change  the  reaction 
conditions.  This  was  achieved  by  decreasing  the  concentration  of  the  re¬ 
agents  —  Q  to  0.005  If  sad  KgS^Og  to  0.05  If. 


Fig.  4.  Relationship  Between  the  Concentration  of  Qywtelao 
and  Glutathione  and  the  Reaction  Tine  of  Cbddatlon  of  lhair 
Sulfhydryl  Groups 


1  -  glutathione)  2  -  oysteiae 


To  3  ml  glutathione  solution  nr»  added  0.5  ml  Hd  (1  ■),  0.5  ml 
starch  (coo  percent),  0.25  ml  O  (0.1  M)  and  0.75  ml  K^&jOg  (0.02  H). 

The  reaction  na  carried  out  at  £6  i  0.02°  and  at  15°.  it  £6°  cue 
■lorofran  of  glntathiOM  can  be  determined  at  a  reaction  tine  of  17  seconds, 
sad  at  15°  —  0.5  adLcrograns  at  a  reaction  tine  of  25  seconds  (Fig.  6). 


mixture 

Fig.  5.  Relationship  Between  the  Glutathione  Concentra¬ 
tion  and  the  Reaction  Tine  of  Oxidation  of  its  SUlfhydryl 
Groups  at  Different  Temperatures 

1  -  15°)  £  -  £5° 


TO  explain  the  effect  of  other  amino  acids  an  the  determination  of 
the  eulfhydryl  groups  a  series  of  experiments  was  set  up,  in  which  the  rates 
of  reaction  of  potassium  iodide  with  potassium  persulfate  in  the  presence 
of  a  number  of  eadno  acids  were  determined.  Here  it  turned  out  that  ojrstine, 
serine,  valine,  glycine,  hydroxyproline,  lysine,  arginine,  phenylalanine, 
tyrosine,  tryptophane,  asparagine  and  glutaalo  acid  in  amounts  of  up  to  500 
mlcregrams  do  not  affect  the  reaction  rata  and  do  not  interfere  with  the 
determination  of  cysteine  and  glutathione.  Histidine  slightly  Inhibits  the 
reaction,  but  methionine  accelerates  it.  Sulfides  and  sulfites,  competing 
for  the  iodine  being  liberated,  interfere  with  the  determination  of  the 
eulfbydryl  groom.  Copper  and  iron  lone  catalyse  the  reaotian;  if  they  are 
pro  sit  in  snail  amounts,  addition  of  the  conplearone  suppresses  their  cata¬ 


lytic  activity. 


CONCLUSIONS 


'A  micromethod  of  determining  thiols  of  low  molecular  weight  is  pro. 

posed. 

The  method  is  based  on  measurement  of  the  reaction  time  of  the 
oxidation  of  the  sulfhydryi  groups  by  the  iodine  liberated  upon  the  reac¬ 
tion  of  potassium  iodide  with  potassium  persulfate.  Minimum  amounts  of 
the  substance  which  can  be  determined  are  0.8  micro grams  for  cysteine  and 
one  micro gram  for  glutathione. 


Submitted  17  December  1964. 
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